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FRPSOH[ VFHQDULRV WKDWPD\RFFXU DVZHOO DV WKHKHWHURJHQHRXVQDWXUHRI JRRGVZDUHKRXVHVEHDU D KLJKHU ULVNRI DFFLGHQWV
5HJDUGOHVV LIZH
UH WDNLQJDERXWUHPRYLQJKDVVOHRUVWDQGDUGL]LQJRSHUDWLRQVZHVSHDN WKHVDPHODQJXDJH LQVXULQJHIILFLHQF\








FDQ EH HDVLO\ FRQVLGHUHG DQ LQWHUGLVFLSOLQDU\ VXEMHFW ZLWK SOHQW\ RWKHU DUHDV RI LQWHUHVW DW HFRQRPLFDO DQG
OHJLVODWLYHOHYHOLQFOXGLQJHWKLFDODQGPRUDOFRPSRQHQWV,IXQWLOUHFHQWO\WKHFRQFHSWRIKHDOWKDQGVDIHW\DWZRUN
ZDVPRUH RU OHVV OLPLWHG WR WKH XVH RI DSSURSULDWH SURWHFWLYH HTXLSPHQWPHDQW WR SURWHFW HPSOR\HHV IURP ODERU
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2FFXSDWLRQDO 6DIHW\ DQG+HDOWK V\VWHPV >@ ZLWKLQ RUJDQL]DWLRQV DUH IUHTXHQWO\PHW 7KHVH V\VWHPV KDYH WKHLU
REMHFWLYHV DOLJQHG ZLWK WKH RQHV RI HDFK RUJDQL]DWLRQ DQG LQ HDFK FDVH D JRYHUQDQFH PRGHO LV IROORZHG
³$FNQRZOHGJLQJ DQG GHDOLQJ ZLWK JRYHUQDQFH VKRXOG EH SDUW DQG SDUFHO RI WKH SODQQLQJ DQG LPSOHPHQWDWLRQ
SURFHVV´>@
)LUH SURWHFWLRQ LV D FRQVWDQW SUHRFFXSDWLRQ LQ WKH26+ FXOWXUH0RUHRYHU RUJDQL]DWLRQV VKRXOG EH FRQFHUQHG
ZLWKPLQLPL]LQJFRVWVLQFDVHVXFKDKD]DUGGRHVKDSSHQ:HXQGHUVWDQGWKHUHE\ERWKVDYLQJRIOLYHVDQGPDWHULDO





,Q WKHFRQFOXVLRQ VHFWLRQREVHUYDWLRQV WRHQKDQFH WKHZDUHKRXVHPDQDJHPHQW IRU ILUH SUHYHQWLRQSXUSRVHVDUH





DQG ZDUHKRXVLQJ SOD\V D FULWLFDO UROH LQ HQVXULQJ KLJK OHYHOV RI FXVWRPHU VHUYLFH DQG RYHUDOO VXSSO\ FKDLQ














LQ SODFH VSHFLILF UXOHV IRU VWRULQJ DQG KDQGOLQJ RI JRRGV 7KRXJKWIXO RUJDQL]DWLRQ RI YDULRXV JRRGV RQ















HOHFWULFDO LQVWDOODWLRQV DOO VRUWV RI KHDWLQJ HTXLSPHQW ZKLFK DUH QRW SURSHUO\PRQLWRUHG VSDUNV RU KHDW UHVXOWLQJ
IURP RYHUKHDWLQJ RI FHUWDLQ PDWHULDOV FXWWLQJ DQG ZHOGLQJ RSHUDWLRQV FKHPLFDO UHDFWLRQV DPRQJ FHUWDLQ VWRUHG
PDWHULDOV >@ 9DULRXV VLPSOH DQG VRSKLVWLFDWHG ILUH DQG JDV GHWHFWLRQ V\VWHPV DUH DYDLODEOH WR SURYLGH HDUO\
GHWHFWLRQDQGZDUQLQJV>@,QRUGHUWRPLWLJDWHWKHVHULVNVDVHULHVRIPHDVXUHVDUHUHFRPPHQGHGWREHWDNHQDV
IROORZV
x 7KH VWRUDJH DQG XVDJH RI GDQJHURXV PDWHULDOV 6WRUDJH RI IODPPDEOH PDWHULDOV PXVW EH FDUHIXOO\
FRQVLGHUHG DQG VKRXOG EHPDGH RQO\ LQ VSHFLILFDOO\ IODJJHG DQG GHVLJQDWHG VSDFHV$V IDU DV WKH XVH RI
IODPPDEOHVXEVWDQFHVZLWKLQ WKHZDUHKRXVHLVFRQFHUQHGWKLVVKRXOGEHUHGXFHGDVPXFKDVSRVVLEOHRU
UHSODFHGZKHUHPDQDJHDEOH
x 0DLQWHQDQFHRIHOHFWULFDOHTXLSPHQW >@$OO IDXOW\HOHFWULFDOHTXLSPHQW LVD IUHTXHQWSRWHQWLDOFDXVHRI
VWDUWLQJDILUH5HJDUGOHVVLILWLVWKHRYHUKHDWHGFDEOHVGDPDJHGLQVWDOODWLRQVRULQDGHTXDWHLQVXODWLRQVDOO
WKHVHFDQHDVLO\EHFRPHILUHVWDUWHUV
x 8VDJH RI XWLOLWLHV DQG HTXLSPHQW LQ WKH ZRUNSODFH 7KH HTXLSPHQW PDFKLQHU\ DQG XWLOLW\ GHYLFHV QHHG
UHJXODUDQGDGHTXDWHPDLQWHQDQFHLQRUGHUWRDYRLGSRWHQWLDOOXEULFDQWVSLOOVDQGGULSV6LPLODUO\DOOKHDW
VRXUFHVPXVW EH LVRODWHG DQG FDUHIXOO\PRQLWRUHGZKHQ XVHG >@ ³KRWZRUNV VXFK DV JULQGLQJ FXWWLQJ
ZHOGLQJRUSRVVLEO\VPRNLQJ´>@UHSUHVHQWSRWHQWLDOKLJKULVNDFWLYLWLHV
5HVHDUFKPHWKRGRORJ\
7KHSURSRVHGPHWKRG LVEDVHGRQDQH[SHULPHQWDO VWXG\ LQZKLFKD ILUHVLPXODWLRQ LVFDUULHGRXW LQ VWRUDJH LQ
FHUWDLQ JLYHQ FRQGLWLRQV >@ 7KH VWXG\ ZDV FRQGXFWHG LQ 0DUFK-XQH  LQ WKH ODERUDWRU\ 2OWURQD GL 6DQ
0DPHWWHUHVSHFWLYHO\&RQWURJXHUUDODERUDWRU\LQ,WDO\>@'XULQJWKHH[SHULPHQWZHWDNHLQWRDFFRXQWWKHQDWXUH








RIIHU ORJLVWLF VXSSRUW LQ WKHZDUHKRXVH ,Q WKH ODWWHU WKH UHDOZDUHKRXVH FRQGLWLRQV DUH UHSURGXFHG ODUJH VFDOH
WDNLQJWKHVWDFNRISHOOHWVDVWKHREMHFWRILQYHVWLJDWLRQ
,QDGGLWLRQWRFRQVLGHULQJWKHQDWXUHRIWKHSURGXFWVVWRUHGLQWKHZDUHKRXVHZHZLOODOVRREVHUYHWKH LJQLWLRQ
EHKDYLRU RI GLIIHUHQW W\SHV RI SDSHU XVHG DV D SDFNDJLQJ PDWHULDO WKLUG VFHQDULR 7KLV LV DQ HVVHQWLDO SRLQW WR
FRQVLGHUGXHWRWKHIDFWWKDWDOOWKHSDFNLQJPDWHULDOIRUVWRUHGJRRGVLVPDGHRXWRIGLIIHUHQWSDSHUW\SHV
0DWHULDOVXVHG










:H DVVXPH WKDW WKHVH DUH FRQWDLQHG LQ  NJ EDJV DQG VWRUHG LQ ZRRGHQ SDOOHWV DERXW  EDJV HDFK
+RZHYHUDWWKLVVWHSDOOWHVWVDUHSHUIRUPHGLQWKHODEVPDOOVFDOH
,QWKHVHFRQGVFHQDULRZHDQDO\]HWKHLJQLWLRQEHKDYLRURISURGXFWVRXWRIWKHILYHDERYHZKHDWIORXUDQGFRZ




































'LIIHUHQW W\SHV RI SDSHU PD\ EH DVVRFLDWHG ZLWK GLIIHUHQW EXUQ UDWH RU ZLWK D GLIIHUHQW ILUH VSUHDGLQJ VSHHG
%HFDXVHLQRXUZDUHKRXVHWKHSDSHULVWKHPDLQPDWHULDOXVHGIRUSDFNLQJZHIXUWKHUDQDO\]HWKHEXUQLQJRIWKUHH
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ODUJH VFDOH H[SHULPHQW ZDUHKRXVH VFDOHZH FDQPDNH D VHULHVRI XVHIXO REVHUYDWLRQV WR HQKDQFH WKHZDUHKRXVH
PDQDJHPHQW IRU ILUHSUHYHQWLRQSXUSRVHV7KH IROORZLQJSURSRVDOVDUHRIFRPPRQ VHQVH LQ WKLVFDVH LQ WHUPVRI
UHGXFLQJPDWHULDOORVVLQWKHHYHQWRIDSRWHQWLDOILUH
7KH SODFHPHQW RI JRRGV LQ WKH ZDUHKRXVH LV H[WUHPHO\ LPSRUWDQW LQ FDVH RI D ILUH $SDUW IURP IROORZLQJ WKH
















H[SHULPHQWDO FDVH VWXG\ ZDV SUHVHQWHG 7KH WHFKQRORJ\ SUHVHQW QRZDGD\V HQDEOHG WKH VLPXODWLRQ RI VXFK D
FRQWUROOHGILUHH[SHULPHQWLQDZDUHKRXVH,WDOVRIDFLOLWDWHGWKHKLJKSUHFLVLRQPHDVXUHPHQWZLWKGLIIHUHQWUHOHYDQW
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